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Wireless power transmission (WPT) is a critical technology that provides a secure alternative mechanism for wireless power and 
communication with implantable medical devices. WPT approaches for implantable medical devices have been utilized based on 
applications. For instance, the inductive coupling tactic is mostly employed for transmission of energy to neuro-stimulators, and 
the ultrasonic method is used for deep-seated implants. This article provides a study concentrating on popular WPT techniques 
for implantable medical devices (IMDs) including inductive coupling, microwave, ultrasound, and hybrid WPT systems 
consisting of two approaches combined. Moreover, an overview of the major works is analyzed with a comparison of their major 
design elements, operating frequency, distance, efficiency, and harvested power. 
1. INTRODUCTION 
In recent years, medical progress has evolved with an increased interest in instruments for sensing and controlling the 
specific functions of the brain. These medical instruments considerably decrease morbidity and improve the standard of 
life for certain patients.  Sensor systems are now quite advanced but providing power to these devices is still a major 
challenge. The answer to this issue is using WPT technologies for a range of biomedical implants. WPT is a secure and 
appropriate energy supply for recharging biosensors and electrical implanted devices as well as for data communication 
in these specific applications. The biomedical implants are intended to be used for biological studies, therapy, and medical 
diagnostics. Not to mention that novel biological materials provide additional biocompatibility, efficiency as well as 
reduced expenses. Implantable medical devices (IMDs) can be classified into two primary categories based on their 
methodologies for the transmission of power. Transfer mechanisms such as inductive coupling, optical charging, and 
ultrasound are included in the first category. The second category is split into two subsections. Batteries such as lithium 
and natural harvesting, including biofuel cell, thermoelectricity, piezoelectricity, electrostatic, electromagnetic [1]. 
Various WPT techniques are reviewed in the literature. For instance, the ultrasound and inductive coupling methods were 
evaluated by Taalla et al. [2] and Shadid et al. [3], respectively. In this paper, common WPT approaches for IMDs 
including, inductive coupling, microwave, and ultrasound are studied. Hybrid WPT systems, a mixture of two different 
methods, are also reviewed. 
2. DIFFERENT APPROACHES FOR A WIRELESS POWER TRANSFER SYSTEM 
The lifespan of implantable medical devices is limited to battery capabilities. Patient pain and the danger of infection 
are the major development concerns in implantable medical systems because the use of implanted batteries can cause 
diseases [4]. Therefore, the WPT link is a safer option to power biomedical implants [4]. Typically, non-rechargeable 
batteries with greater weight and volume, and shorter period of effectiveness compared to rechargeable batteries, are 
employed for implantable medical devices. Medical implants like implanted spinal cord stimulators can use a rechargeable 
battery to improve their capability and reduce overall costs [5]. Lately, there is a great interest in the usage of the WPT 
for medical applications. The development of implantable electronic devices in a biological system made it easier to use 
                                                    
 
  
this technology for powering various implantable medical devices such as biological sensors, pacemakers, and 
neurostimulator working in a range of power from a few microwatts to a few watts. As shown in Figure 1, the power 
ranges of common implantable medical devices are illustrated [1], [6]. The WPT system for the neurostimulators and the 
pacemaker are discussed in detail in [7][8][9][10][11][12] and [13], respectively. 
 
 
 
Figure 1: Power ranges of implantable medical devices. 
 
There are reliability problems with the classic wireless power links. An option that facilitates the growth of bio-implants 
is the use of CMOS processes. The procedure is to include the standard CMOS with the implanted receiver.  This reduces 
the cost, improves productivity, and provides compactibility and reliability of prototypes [14][15]. The usage of CMOS 
for WPT systems are presented in [16][17][18][19][15][20][21][22][23]. A backward communication unit transmits the 
information to an external data communicator using modulation. Typically FSK[24],PSK[25], ASK[26], OOK[27], 
LSK[28], PPSK[29],QMPM[30], QPSK[31], impedance modulation [32] have been used for data communication units 
in medical applications. Long-term RF and microwave exposure is dangerous. The device layout must, comply with the 
associated safety regulations to protect patients from electromagnetic radiation damage. It is possible to evaluate 
maximum permissible exposure (MPE) in environments for electromagnetic field intensity by assessing the specific 
absorption rate (SAR). IEEE Standard Basis C95.1 expresses SAR limitation. According to this principle, the maximum 
SAR value must be below 1.6 W/kg for any 1g of the body tissue and below 0.08 W/kg for the whole body. Nevertheless, 
the maximum SAR limitation is 4 W/kg for every 10 g of the tissue of the body parts such as the hands, feet, ankles, and 
wrists. Mainly, determining SAR can be achieved by using numerical techniques and empirical models using fabricated 
tissue phantoms [4] [33] [34] [35] [36][37][ 38].The maximum SAR value is studied in [39] [40]. The empirical results 
can be obtained, in vivo [41][42][8], using a living organism or in vitro [43][44][45], outside of a living organism. To 
mimic the biological effects of human body tissue, the phantom is very popular among researchers in this field. The tissue 
electromagnetic properties play an important role in the design of implantable devices. The assessment of variation on 
tissue electromagnetic properties was provided by Bocan et al [47]. The recent reports on tissue electromagnetic properties 
are depicted in Table.1. 
 
 
 
                                                    
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1. Inductive-Based Wireless Power Transfer 
 
Inductive coupling is a common and efficient way to transfer data and power into implantable medical instruments, 
including cardiac pacemakers, implantable cardioverter defibrillators, recording devices, neuromuscular stimulators, 
cochlear and retinal implants. The development of an inductive link with a power amplifier is applied-based and can be 
adjusted with operating frequency, range, and form factor and output power.  The bandwidth to support data 
communication and reasonable efficacy for power transfer, insensitivity to misalignments, and biocompatibility are 
needed for a robust inductive link for medical implants [67]. In general, an inductive-based wireless power transfer system 
for IMDs has a pair of coils to inductively couple the power from a primary coil outside the body to a secondary implanted 
coil. Hundreds of kilohertz to a few megahertz is the operating frequency, and the size of the implanted coil is between 
several millimeters to a few centimeters. As the frequency increases, the electromagnetic wavelength gets more 
commensurate with the coil dimension and the space between the coils. In this stance, the radiative and non-radiative 
components are part of the electromagnetic waves. Biological tissue also creates significant problems for the propagation 
of electromagnetic fields and dilutes the electrical field, thus affecting the efficiency of the inductive link [33]. According 
to Faraday’s induction law, increasing the size of coils and the number of turns boosts inductive link efficiency [33]. In 
case that the transmitting coil and the receiving coil have the same size, the maximum coupling is achievable. Although, 
in practical, the implanted coil is significantly smaller than the transmitting coil [68]. Mainly, the inductive-based wireless 
power transfer system is used for medical devices such as the brain and spinal cord stimulators. LYU et al. [8] have 
developed a stimulator, which occupies a dimension of 5 mm × 7.5 mm and operating at the resonant frequency of 198 
MHz while having a 14 cm distance from the transmitter which is located outside of the body. The stimulator gets the 
Table I: Summary of different approaches in analyzing of tissue electromagnetic properties. 
 
Reference Year Tissue Frequencies Models/Methods 
48 2020 in-vivo, ex-vivo - FEM* 
49 2019 Muscle, fat, skin 50MHz, 300MHz, 700MHz and 
900MHz 
FDTD** 
50 2019 Body (0.5-26.5) GHz Measured properties, Cole-
Cole 
51 2018 Brain, liver 200–1600 Hz Measured properties 
52 2018 Muscle, fat, skin 915 MHz and 2 GHz Measured properties 
53 2017 Blood, liver, fat, and 
brain 
10 kHz-10MHz Bottcher-Bordewijk model, 
Measured properties 
54 2016 Muscle, bladder, cervix 128 MHz Measured properties, Cole-
Cole 
55 2016 Body/14 tissues 2.1 GHz, 2.6 GHz FDTD 
56 2016 Head (0.75 – 2.55) GHz Phantom/ FEM 
57 2016 Muscle 500 MHz- 20 GHz Fricke 
58 2015 Eye/6 tissues (0.9 – 10) GHz FDTD 
59 2015 Skin (0.8 – 1.2) THz FEM 
60 2014 Eye, head/14 tissues (0.9 – 5.8) GHz FDTD 
61 2010 Head - FEM 
62 2009 Head/16 tissues 50 MHz- 20 GHz Measured properties, FDTD 
63 2006 Eye, head/15 tissues 900 MHz, 1800 MHz, 2450 MHz FDTD 
64 2004 Body 400 MHz, 900 MHz, 2400 MHz Visible human, FDTD 
65 2004 Body /51 tissues 30 MHz- 3 GHz FDTD 
66 2002 Head/10 tissues 900 MHz, 1800 MHz Visible human, FDTD 
* Finite Element Method 
** Finite-Difference Time-Domain   
 
                                                    
 
  
energy that has already been stored by a switched capacitor and releases the energy as an output stimulus once the voltage 
reaches a threshold. The control unit utilizes positive feedback to trigger the circuit, so no stimulation control circuit block 
is needed. An in vivo experiment was performed to demonstrate the performance of the stimulator. Two electromyography 
(EMG) recording electrodes were implanted into the gastrocnemius muscle of a rat while the ground electrode attached 
on the skin.  The proposed stimulator, which is implanted on the sciatic nerve of the rat and driven by a source located 
outside the body, is shown in Figure 2. A free-floating neural implant, which is insensitive to the location, is provided as 
an inductive link in [10] for wireless energy transmission. The authors have created prototypes of floating implants for 
precise measurements as shown in Figure 3.  
 
 
Figure 2: In vivo experiment with the stimulator fully implanted on the sciatic nerve [8]. 
 
 
 
Figure 3: The WPT link for distributed free-floating implants encompassed by an implanted high-Q resonator [10]. 
 
The system works with a power transfer efficiency of 2.4 % at 60 MHz and provides 1.3 mW power to the implant 14–
18 mm away from the transmitter. Their coil link is stable against the lateral and angular misalignments of the floating 
                                                    
 
  
implants as long as the coils continue to have the high-Q resonator. The extra heat produced by the resonator coil also 
does not exceed safety limits. Recent works of the inductive WPT scheme are evaluated and presented in Table.2. The 
panel consists of printed and 3D coils. Printed coils maintain acceptable performance under lateral malalignment and are 
reliable for implants [4]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table II: Existing inductive-based WPT approaches for implantable power applications. 
 
Reference Year Frequency Output 
Power 
(mW) 
Efficiency 
(%) 
Active 
Range 
(mm) 
Transmitter 
Dimension 
(mm) 
Receiver 
Dimension 
(mm) 
69 2020 915 MHz - 1.93 40~50 - 30 × 30 
70 2020 5.8 GHz 0.01 1.2×10−5 1 - 0.116×0.116 
71 2019 13.56 MHz - 79.6 15 66 × 70 66 × 70 
7 2019 430 MHz 0.0033 - 45 - 4.5  ×  3.6 
33 2019 434 MHz 31.62 0.68 10 20 × 20 1.6 × 1.6 
8 2018 198 MHz >0.0027 - 140 doutT = 30.5 doutR = 4.9 
dinR = 2.2 
40 2018 60,300, 
MHz330 
- 2.12,3.88, 
1.68 
12 doutT 
=17.2,24, 
26 
doutR =4 
72 2018 2, 4 MHz 126 25 6 doutT = 35 doutR = 20 
9 2018 1.3GHz 3981 - 5 doutT =10 doutR =0.2 
34 2018 39.86 MHz 115 47.2 - doutT = 63.9 
dinT= 34.08 
doutR = 
21.56 
dinR = 11.52 
73 2018 432.5MHz 1.05 13.9 10 - - 
74 2018 430 MHz - - 60 30 × 30 10 × 10 
75,76 2018 3 MHz 772.8 38.79 5-15 doutT =45.2 
dinT  = 10 
doutR =36.4 
dinR = 10 
77 2018 2.75 MHz - - - doutT =45.2 
dinT  = 10 
- 
11 
 
 
2017 13.56 MHz 18 7.7, 11.7 10 doutT≈30 doutR = 10 
dinR = 4.6 
39 2016 50MHz 0.0657 0.13 10 doutT=21 doutR=1 
19 2014 8.1MHz 29.8~93.3 47.6~65.4 12~20 doutT =30 doutR =20 
        
21 2019 12.85 MHz - 75.8 - 30.0 × 29.6 30.0 × 29.6 
78 2019 1-100 MHz - - 15 - doutR = 1.75 
dinR = 0.50 
41 2018 433 MHz 0.0008 0.87 600 - doutR =10 
dinR =9.2 
29 2017 13.56MHz ≤100 - 5-15 doutT=25 doutR=16 
10 2017 60 MHz 1.3 2.4 16 doutT = 45 
dinT  = 35 
doutR = 1.2 
dinR = 1 
36 2016 20MHz 2.2 1.4 10 doutT=20,28 doutR=1 
42 2016 40MHz - 2.56 70 doutT=100 doutR=18 
79 2016 10 kHz-50 
kHz 
- - - dinT  =4.5 - 
30 2015 2MHz 1450 27 80 doutT=140 doutR=65 
 
 
 
                                                    
 
  
2.2. Microwave-Based Wireless Power Transfer 
 
Another way to efficiently transmit power wirelessly over long distances in the order of meters to kilometers is the 
microwave power transmission. The challenges for this technique in present day include the minimization of energy loss, 
protecting both humans and animals against exposure to excessive microwave radiation, and reconfiguring of a wireless 
transmission system in reaction to modifications such as a shift in a range between transmitter and receiver [80]. 
Pacemaker implantation is a popular method to cure people with cardiac insufficiency. Although, the lifetime of the 
pacemaker is restricted to the lifespan of the battery, and the installation of a subcutaneous pocket [13]. Asif et al. [13] 
built a rectenna-based leadless pacemaker prototype. For energy transmission to the implanted unit, a wearable 
transmitting antenna range was fabricated. To evaluate the system's efficiency through Vivo ECG outcomes, an animal 
study is implemented as shown in Figure 4.  
 
 
 
Figure 4: A complete layout of the in vivo experiment setup used to examine the proposed rectenna-based leadless 
pacemaker [13]. 
 
 
 The authors assert that the calculations of specific absorption rate (SAR) are within the limits suggested by IEEE and 
also claim that the proposed leadless pacing method is safer as well as eliminating the battery, leads, and device pocket. 
Zada et al [81] provided a miniaturized implantable antenna having three frequency bands (902-928 MHz, 2400-
2483.5MHz, and 1824–1980 MHz) operating at the industrial, scientific, and medical (ISM) band and midfield band, 
respectively. A capsule-shaped and a flat type antenna are fabricated with a volume of 647 𝑚𝑚3 and 425.6 𝑚𝑚3, 
respectively. Figure 5 shows a full design of devices and measurement setup. This triple band antenna is complemented 
with microelectronics, sensors, and batteries for stimulation in different applications. The system is examined in different 
tissues including the scalp, heart, colon, large intestine, and stomach.  
                                                    
 
  
 
(a) (b) 
 
Figure 5: Analysis setup of the proposed antenna. (a) Simulation and measurement setups (b) Comprehensive device 
architecture [81]. 
 
Asif et al [82] took advantage of a microwave-based wireless power transfer technique to charge deep medical implants 
like cardiac pacemakers. Their novel wideband numerical model (WBNM) was to provide an RF power source of a 
leadless pacemaker while using a metamaterial-based antenna operating at 2.4 GHz. They used the tissue simulating 
liquid (TSL) mimicking the human body to prove the performance of their design for implantable applications. A wireless 
powering technique was introduced by Ho et al [83], which overcomes the difficulty of miniaturizing the power source 
via adaptive electromagnetic energy transport. This method is designed for micro-implants like microelectromechanical 
systems sensors and optoelements. Recent works of microwave-based WPT system are reviewed and shown in Table.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table III: Existing microwave-based WPT approaches for implantable power applications. 
 
Reference Year Frequency Output 
Power 
(mW) 
Efficiency 
(%) 
Active 
Range 
(mm) 
Transmitter 
Dimension 
(mm) 
Receiver 
Dimension 
(mm) 
84 2020 1.47GHz 6.7 0.67 50 6 × 6 - 
85 2020 0.403GHz, 
2.44GHz 
- - 30-350 - 9.5 × 9.5 
86,87, 
88 
2019 1.64GHz,  
3.56GHz 
- 32,1.1 - 14 × 15 14 × 15 
13 2019 954 MHz 10 65 110 - 10 × 12 
81 2018 0.915, 1.9, 
2.45 GHz 
0.398 - 4.5 - 7 × 6 
37 2018 400MHz 19,82 - 1,3,6,12,15 doutT =18 
dinT  = 12 
1 × 1 
38 2018 13.9 MHz 100 0.39 50 0.3 × 1.3 8 × 28 
89 2018 280 MHz 44 - 3 30 × 80 - 
112 2017 2.45 GHz 2280,600, 
240,96 
- 1000-4000 - 
 
doutR =63.6 
144 2014 2.4 GHz - 
 
15-78 10-100 63×39×50 63×39×50 
 
 
 
                                                    
 
  
2.3. Ultrasonic-Based Wireless Power Transfer 
 
The ultrasound imaging is a well-known tool for evaluating patients’ physiological and pathological conditions. In the 
passive ultrasonic recorder, the backscattered echo is derived from the reaction of biological tissue's acoustic properties 
to sound waves. Besides, the acoustic emission can be used for supplying energy wirelessly in the active biological 
environment [44]. The ultrasonic-based wireless power transfer system has a transmitter converting electrical energy to 
ultrasonic energy, and also a receiver converting back the ultrasonic energy to the electrical energy. The ultrasonic-based 
WPT system is an effective way for medical applications such as a cardiac defibrillator and a deep brain stimulator [90].  
A mode of clinical therapy is a stimulation of excitable tissue for different disorders such as Parkinson’s disease, urinary 
incontinence, heart arrhythmia. The traditional stimulus techniques use percutaneous cables to transport electricity to the 
electrodes. The classical techniques are dangerous because they can cause infection [12]. The ultrasound or inductive 
based wireless power transfer is an interesting solution for this application. The advantage of ultrasound compared to 
magnetic resonance and induction coupling is that those methods are restricted to a short transfer distance, the 
misalignment issues [91], and magnetic field intensity should be under specified limitation for the safety of body 
exposure. In the ultrasonic method, the operating frequency needs to be changed according to sound radiation and pressure 
distribution to obtain the optimum energy transition situation [90]. In the range of frequencies individuals hear, Kim et 
al. [91] have developed an implantable pressure sensing system driven by mechanical vibration. The pressure inductor 
has a planar coil with a center of ferrite in which their distance differs from the involved stress. An implantable pressure 
sensor prototype is designed, as shown in Figure 6, and examined in vitro and Vivo. The acoustic receiver is a piezoelectric 
cantilever and charges a capacitor by converting sound vibration harmonics to electrical energy. The stored electric charge 
will be discharged across an LC tank with an inductor sensitive to pressure during the period that the cantilever is not 
shaking.  
 
                                                         (a)                                                                        (b)                                                                                                        
Figure 6: Proposed implantable pressure sensing system (a) schematic of an acoustically powered LC transponder 
implanted in the bladder (b) in vivo experiment setup [91]. 
 
                                                    
 
  
Song et al. [92] investigated omnidirectional ultrasonic powering for deep implantable microdevices. During testing 
the omnidirectionality and outcome of the power transmission under the acoustic FDA regulations, the piezoelectric 
devices with distinct geometries were examined. The receivers can produce power in a range of milliwatts with a matched 
load located 200 mm far from them. The receivers have a symmetric geometry of 2×2×2 𝑚𝑚3 and are insensitive to 
misalignment. Figure 7 shows the proposed omnidirectional ultrasonic power system.  Recent works of ultrasonic-based 
WPT system are shown in Table.4. 
 
                                                                                          (a)                                          
 
                                                                                          (b)                                                                                                        
Figure 7: Proposed implantable omnidirectional ultrasonic powering system (a) schematic showing ultrasonic powering 
for an implantable medical device (b) factors contributing to omnidirectionality [92]. 
 
 
 
                                                    
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4.  Hybrid-Based Wireless Power Transfer 
 
There is a hybrid wireless power transfer system in such a way a combination of two common methods working as a 
unit system. The advantage of a hybrid system is occupying less space than separate units. In this case, there is a capability 
to have different operating bands, more alternatives, and back-up. A hybrid inductive-based and microwave-based WPT 
system are presented in [104]. One of the current challenges for wireless transfer for small sensors is to minimize the 
system size. Haerinia, et al. [104] decreased the size of the compact system, at the same time implementing multi-
functionality. This goal is obtained by designing an antenna having 14 mm×15 mm dimension and 20 mm×20 mm 
dimension for the hybrid system including antenna and coil. The coils operating frequencies are 510 MHz and the 
antennas work at 2.48 GHz and 4.66 GHz. Meng et al. [105] have developed a hybrid inductive-ultrasonic WPT link to 
power biomedical implants over bone, air, and tissue. They optimized cascaded inductive and ultrasonic links for WPT 
applications. The hybrid link is designed for an air–tissue medium to operate at 1.1 MHz with a power transmission 
efficiency of 0.16%.  An ultrasonic transducer with a volume of 1 𝑚𝑚3 is located 3 cm inside castor oil as shown in 
Figure 8. Recent works related to the hybrid WPT system are shown in Table.5. 
 
 
 
 
Table IV: Existing ultrasonic-based WPT approaches for implantable power applications. 
 
Reference Year Frequency Output 
Power 
(mW) 
Efficiency 
(%) 
Active 
Range 
(mm) 
Transmitter 
Dimension 
(mm) 
Receiver 
Dimension 
(mm) 
93 2020 2.4 GHz - - 200 - doutR = 10 
94 2017 1MHz 0.1 - 85 doutT = 0.55 - 
95 2017 1.8MHz - 2.11 30 doutT = 
10.8,15.9 
doutR = 
1.1,1.2 
16 2016 1MHz 0.184 - - - - 
44 2016 400kHz - - 30 - - 
96 2016 1MHz - 25 3-7 doutT = 8 - 
97 2015 280kHz 2.6 18 18 doutT = 20 doutR = 20 
98 2015 3.4MHz 0.001 - 100 - - 
17 2015 30MHz 0.1 - <100 - doutR =0.7,1 
94 2014 >350kHz 0.016 - 150 doutT = 8 - 
18 2014 1MHz 28 1.6 105 doutT = 29.6 doutR = 1 
99 2013 1.07MHz - 45 - - - 
94 2013 250kHz 2.6 21 23 doutT = 50 doutR = 50 
100 2011 1.2MHz 100 50 - doutT=44 - 
45 2011 2.3MHz ≈0.3 - 30-400 doutT=8 - 
12 2011 1MHz 23 - 120 - doutR=8 
101 2010 35kHz 1.23 - 70 - doutR=7 
102 2010 673kHz 1000 27 40 - - 
103 2003 100kHz 5400 36 40 - - 
25 2002 1MHz 2100 20 40 - - 
26 2001 1MHz - 20 30 - - 
 
                                                    
 
  
 
 
 
Figure 8: The power transfer efficiency measurement setup using a network analyzer [105]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table V: Existing hybrid WPT approaches for implantable power applications. 
 
Reference Year Frequency Output 
Power 
(mW) 
Efficiency 
(%) 
Active 
Range 
(mm) 
Transmitter 
Dimension 
(mm) 
Receiver 
Dimension 
(mm) 
Methods 
104 2019 510 MHz, 
2.48 GHz, 
4.66 GHz 
0.0004 3.7, 2.2, 1 20-60 doutT =39.75 
dinT  =16.25 
20 ×20 
doutR = 20 
dinR =15.95 
14 ×15 
Inductive and 
Microwave 
106, 2018 4 MHz 500,53,53 1.9,2.6,0.98 >30,15,30 - doutR=40,83,83 Inductive and 
Capacitive 
107,46 2018,2020 13.56 MHz, 
415 MHz, 
905 MHz, 
1300 MHz 
- 10,0.5, 
4.6,6.5 
15-110 doutT = 79.6 
dinT  = 54 
doutR = 31.5 
dinR = 23 
Inductive and 
Microwave 
108 2017 13.56 MHz 
/910MHz 
- 17 16 doutT = 83.2 
dinT  = 59.6 
doutR = 24.2 
dinR = 19.2 
Inductive and 
Microwave 
105 2017 1.1 MHz - 0.16 60 doutT = 100 doutR = 15 Inductive and 
Ultrasonic 
109 2012 200kHz 8 1 70 doutT = 39 
dinT  = 13 
doutR = 33 
dinR = 11 
Inductive and 
Ultrasonic 
 
 
 
 
 
 
 
 
 
                                                    
 
  
3. CONSIDERATION FOR DESIGN OF MEDICAL IMPLANTS AND RELATED REGULATIONS 
Developments of wireless technology for medical devices is elevating the provision of healthcare with lower expenses. 
The wireless telecommunications can be used for both wearable and implantable applications such as deep brain 
stimulation (DBS), tracking of vital signs, measuring biological parameters, and cardiac rhythm control. The main 
advantage of wireless technology compared to landline networks is that the patient is not required to be linked to a certain 
location by cables [110]. Despite advances in biomedical implants such as a pacemaker, cochlear implant, and nerve 
stimulator these devices need to be improved in terms of miniaturization, the biocompatibility of materials, sources of 
electric charge, and wireless communication.   To develop an effective implantable medical device, the doctor, the patient, 
and the technician must collaborate in collecting coherent initial information about different aspects of the device. In 
particular, the user’s satisfaction, doctor’s technical priorities, and the workability of the model are necessary to be 
considered in the design process [111]. There are important factors for designing medical implants. Since an electric 
device is implanted inside the human body, the organisms around the device may react to it. To avoid such an issue, the 
device should be made up of biocompatible materials. Moreover, the medical implants should have appropriate packaging 
to isolate components of the device from body tissue. Another factor is the structure of the design itself. Before the design, 
enough data should be collected from the patients, engineers, previous designs and their advantages and drawbacks [111]. 
The United States' medical devices market is regulated by the three different organizations, Federal Medicines Authorities 
(FCC), the Food and Drug Administration (FDA) and the Centers for Medicare and Medicaid Services (CMS).  Wireless 
medical instruments can be classified into two categories, short-range such as inductive implants, medical body area 
networks and long-range such as wireless medical telemetry (WMTS). According to the Federal Communications 
Commission (FCC), short-range technology sends data to the local receivers and long-range technology sends user data 
to the remote spot [110]. The FDA’s mission is to check if the proposed medical devices guarantee the factors of safeness 
and effectiveness for patient usage. The FDA divides medical devices into three classifications based on the risk factor. 
Class I includes the lowest-risk devices and without FDA prior authorization, medical devices may be advertised in this 
class. The medical devices using wireless technologies usually considered in Class II. The highest-risk medical devices 
fall under Class III and clinical trials are mandatory to get FDA approval. The FCC and FDA must permit before wireless 
medical devices can be marketed in the United States. It is worth mentioning that the FDA and FCC have distinct criteria, 
and one agency's authorization does not simply ensure the other's consent [110]. The designers of medical implants 
currently dealing with challenges in materials, output power, size miniaturization, and efficiency of wireless link [111]. 
It is crucial to have a broad perspective of different aspects of wireless techniques before choosing the tactic for any 
specific applications. Figure 9 shows a comparison of different approaches based on the maximum dimension of a 
receiver, power transfer efficiency, and frequency. It can be interpreted that the maximum power transmission efficiency 
is achieved via inductive-based wireless power transfer. Besides, a cluster of biomedical implants’ receivers using the 
inductive-based technique have a maximum dimension of fewer than 20 millimeters operating at a quite lower frequency 
compared to microwave-based technique with the almost same size. 
 
 
 
                                                    
 
  
 
    (a) 
 
 (b) 
 
Figure 9: A comparisons of different approaches. (a) Maximum dimension of receiver versus frequency (b) efficiency 
versus frequency. 
4. CONCLUSION 
This research has evaluated and discussed a survey of popular methods for wirelessly transfer power into implantable 
medical devices. Power delivered in the reviewed works to medical implants varies from few μW to 5.4 W with a distance 
of 1 mm to 4 m and maximum efficiency of up to 79.6%. This paper provides a perspective on different WPT approaches 
for biomedical applications by investigating the significant works in this field. Also, some points for designing an 
effective implantable medical device and related commercial rules and regulations are presented. 
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